Abstract: Geometric correction is an essential step in the preprocessing of remote sensing image. It can effectively eliminate the geometric error and improve the matching degree between the image and the actual terrain. Based on the GF-2 satellite remote sensing image, this paper uses Polynomial, Affine and Rational Polynomial Coefficient geometric correction model to carry out the geometric correction of GF-2 satellite images. Through the analysis of the experimental results obtained in the use of Rational Polynomial Coefficient on GF-2 remote sensing image geometric correction, the Rational Polynomial Coefficient is higher than Polynomial and the accuracy of Affine is more suitable for GF-2 remote sensing image geometric correction.
Introduction
China is a country with abundant resources. However, the development and utilization of these resources requires a large amount of geographic information data. Remote sensing technology has great advantage in information collection. Geometric correction is the most important part of remote sensing technology, and it is also the most easily neglected research content, which often results in the decline of image quality and the quality of products. In this paper, the principle of geometric correction is deeply studied, and the effective way to improve the precision of geometric correction is pointed out. A geometric correction model which is more suitable for the high score two remote sensing image data is obtained.
GF-2 Image Data
GF-2 satellite is the first remote sensing satellite developed by our country, which space optical is better than one meter. It is equipped with two sets of high resolution of 1 meters and 4 meters panchromatic multispectral camera. The utility model has the advantages of meter level spatial resolution, high positioning accuracy and fast attitude maneuver capability, and effectively improves the efficiency of satellite integrated observation, and reaches the international advanced level.
The GF-2 satellite was successfully launched in August 19th and was first launched on August 21st to transmit data. This is currently China's highest resolution commercial land observation satellite and the spatial resolution of up to 0.8 meters, which marks China's remote sensing satellite into a sub meter high time. At present, the main users of the Ministry of land and resources, the Ministry of housing and urban rural development, Ministry of transport and the State Forestry Administration and other departments, but also for other user departments and related areas to provide demonstration application services. See Table 1 for detailed satellite parameters. 
Geometric Correction Models and Principles
Geometric correction is to eliminate all kinds of geometric distortion caused by remote sensing image in the imaging process. Which in view of the cause of distortion and correction for geometric correction; By using the mathematical model of ground control points to deal with the distortion process for geometric precision correction, and geometric correction without considering the geometric distortion causes formation of directly using the distortion model can realize the geometric correction of remote sensing image. Figure 1 is the schematic diagram of geometric correction. We usually adopt the geometric precision correction for geometric correction. In recent years, the application of the model in the production of Polynomial, Affine, Rational Polynomial Coefficient, spot satellite image correction, Projective Transform, Reproject and so on. This paper focuses on the characteristics of GF-2 images and analyzing the principle of each model, the final selection of the geometric correction model is Polynomial、Affine and Rational Polynomial Coefficient.
①Polynomial Polynomial model is a kind of model which expresses the coordinate relation between the corresponding points before and after the correction. Polynomial model can be directly on the image deformation itself mathematical simulation, which can avoid imaging of space geometric process. It is a model of remote sensing image geometric correction, which has the characteristics of simple principle and fast computing speed. In the relatively flat area, the accuracy can meet the actual demand.
Its polynomial model is
In the formula,(x, y) as the image plane coordinates of points;(X, Y) is the geodetic coordinates of the corresponding ground points; a ୧ and b ୧ are polynomial undetermined coefficients and it is determined by the coordinates of the control points of the image. If there are 8 undetermined coefficients of the simultaneous equation, it needs at least 4 control points.
The polynomial model is easy to calculate and the computation is small, but it ignores the image distortion caused by terrain undulation, So the polynomial model is more suitable for the image processing of the flat terrain. For the image with large relief, we can consider the polynomial model of Z, The following can be obtained after correction of polynomial is only need to increase the number of control points. So in the ups and downs degree different images, the appropriate improvement of polynomial order can get higher accuracy after geometric correction of remote sensing image. Because in this paper the experimental area for urban areas, so the polynomial order option 2 can be realized on geometric correction of GF -2 image data.
②Affine Affine transformation is based on the affine coordinate system to establish a mathematical model of a coordinate transformation, It get through coordinate translation, scale, rotation, symmetry and shear composite transform etc. Assuming the digital coordinate system is Ox′y′and geographic coordinate system is Oxy .Then, by using homogeneous coordinates, we can get the affine transformation mathematical model of the digital coordinate system into the geographic coordinate system. The model for
The affine transformation requires at least 3 orientation points, but the coordinates on the map are not required to be perpendicular to each other and the deformation factor in the direction of the abscissa axis is not must the same.
③
Rational Polynomial Coefficient Rational Polynomial Coefficient is the ground point geodetic coordinate of the corresponding image point coordinate, the polynomial associated with ratio so as to describe the object space and like the mathematical model of geometric relationships. Compared with the commonly used polynomial or Affine, the rational function model is actually a sensor model is more generalized and more perfect expression. It is a further generalization of polynomial, affine transformation, direct linear transformation and the collinearity equation model and it does not need to know the actual structure and process of imaging sensor, suitable for different types of sensors. At the same time, the rational function coefficients can be used to hide the imaging parameters effectively, which has been widely used in many areas in recent years.
Rational function coefficients can link the ground point geodetic coordinates (X, Y, Z) and the image point coordinates (r, c) together. The formula is as follows: In the Polynomial, the coefficient a ୧ ሺi = 1,2, ⋯ ,19ሻ Called rational function coefficients. Generally speaking, the rational function model has a high precision, so it has been the first choice of high precision geometric correction.
Geometric Correction of GF-2 Satellite Remote Sensing Image Data
In the process of geometric correction, the flow chart is shown in figure 2 . 
Data Preparation and Fusion
In this paper, we choose a GF-2 satellite multispectral and true color remote sensing image data in 2016 (Fig.3, fig.4 ). Because the GF-2 satellite remote sensing image has two images about multi spectrum and full color two images. In order to get better accuracy, the image fusion is performed before the geometric correction. The fusion results are shown in figure 5 . 
Geometric Correction of GF-2 Images
In the process of remote sensing image processing first select geometric correction model and then select of the ground control point. As the ground control point selection is a very fine process, so in the process of selecting the ground control points to find the characteristics of the terrain is very delicate. In the selection process should follow the principle of uniform distribution and overall grasp. In this paper when using the geometric correction model for geometric correction we selected 15 control points and 15 check points. The distribution is shown in Figure 6 and Figure 7 . 
Geometric Calibration Results and Analysis
Analysis and comparison of remote sensing images based on geometric correction using the checkpoint (as shown in Table 2 ).It is not difficult to see, whether it is the direction of the X error, Y direction error or each point of the RMS the error of the Rational Polynomial Coefficient is less than the error of polynomial and the Affine. In the GF-2 remote sensing image geometric correction, the Rational Polynomial Coefficient can be used to correct the image more accurately and the corrected RMS error is 2.072m which is the highest correction accuracy. The RMS error of Affine is 3.649m. Through the principle we can see, although the Affine is more rigorous, the Affine requires a large number of image parameters to ensure accuracy. Due to the geometric correction can't obtain enough of the image parameters, thus the precision of the Affine is significantly lower than that of the Rational Polynomial Coefficient. The Polynomial l itself is less than strictly the Rational Polynomial Coefficient so that in the process of image geometric correction, there is no high precision of the Rational Polynomial Coefficient. The RMS error of the Rational Polynomial Coefficient is 3.313m. Therefore, in the GF-2 remote sensing image geometric correction, the Rational Polynomial Coefficient can better achieve its geometric correction. 
Conclusion
In this paper, based on the GF-2 remote sensing image data, the Rational Polynomial Coefficient, the Affine and the Polynomial are introduced to deal with the accuracy of GF-2 satellite remote sensing image. Through the experimental comparison we can draw: the Rational Polynomial Coefficient is more convenient for the geometric correction of GF-2 image and it can reduce the pre preparation work; the Rational Polynomial Coefficient has faster operation speed than the Affine and saves the image preprocessing woke; In dealing with the urban area, the Rational Polynomial Coefficient can be more accurate for GF-2 image geometric correction. The calibration accuracy is between 0.177m and 1.249m (within two pixels), and the processed image is better and more accurate. In summary, geometric correction in GF-2 images of the city area, the Rational Polynomial Coefficient can play its fast operation, small workload, the correction precision of the maximum for the extraction of remote sensing information to reduce the cost, save time.
However, this paper has made some achievements in the research of GF-2 remote sensing image geometric correction. Due to the limitations of the author's level, time and hardware limitations, there are still some areas need to be improved: in the Selection of the corresponding points in the image, due to artificial selection errors in the experiment will have some error accumulation, in the days after the experiment can be selected by improving the accuracy of image control points to improve the accuracy of geometric correction. In the existing model, there is no specific model for the geometric correction of GF-2 satellite images, which can be further studied in the future.
